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Abstract 
A comprehensive investigation for the CCS demonstration project in Japan was started by the Ministry of Economy, 
Trade and Industry (METI) just before the G8 Hokkaido Toyako Summit in 2008. Three candidate sites for the 
project, Nakoso-Iwaki Oki, Kitakyushu and Tomakomai, were selected for further geological surveys and 
engineering studies. For Tomakomai, after 3D seismic survey and two survey wells drilling, METI decided to 
implement a CCS demonstration project from 2012 to 2020. METI also decided to continue 2D seismic survey at 
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1. Introduction 
Carbon Dioxide Capture and Storage (CCS) is a key technology to reduce carbon dioxide emission to 
the atmosphere and needed to be widely deployed in the world as early as possible. After successful 
completion of the Nagaoka Project, in which 10,400 tonnes of CO2 was injected into onshore saline 
aquifer between 2003 and 2005 [1], the Ministry of Economy, Trade and Industry (METI) started the CCS 
Demonstration Project in Japan in 2008. 
Japan CCS Co., Ltd (JCCS) was established in 2008, just before G8 Hokkaido Toyako Summit in 
Japan, by major Japanese companies to cooperate with METI. JCCS has been commissioned by METI 
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since 2008 to carry out comprehensive investigations for implementing CCS demonstration project in 
Japan (Fig. 1). 
In JFY 2011 JCCS completed geological surveys at the Tomakomai area as described in the following 
sections, and submitted two reports to METI; a geological evaluation report and a basic plan for CCS 
demonstration. METI organized a Special Committee for Implementing CCS Demonstration to evaluate 
these reports, and obtained the results that CCS demonstration is suitable at the Tomakomai area. In 2012 
METI decided to implement a CCS demonstration project at the Tomakomai area being aimed at enabling 
industrial deployment of CCS in Japan after 2020. 
Fig. 1. Schedule of CCS Demonstration Project in Japan 
This paper summarizes the processes of candidate site selection, the present conditions of the 
investigations at three candidate sites and an outline of the basic plan for CCS demonstration at the 
Tomakomai area. 
2. Candidate Site Selection and Site Characterization 
In JFY 2008, three candidate sites were finally selected (Fig. 2) from possible candidate storage sites of 
115 which were mainly based on the storage potential assessed by RITE [2]. The criteria applied for the 
selection are as follows: storage potential, reservoir type, presence of possible seepage path, presence of 
CO2 sources nearby, applicability of capture technology, and issues to be demonstrated through each 
project.  
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  Fig. 2. Work Flow for Site Screening in JFY 2008 
The most important criterion to select candidate sites is reservoir type. Because reservoirs are 
indigenous to Japan, we concluded that at least four reservoir types are needed to be demonstrated for 
disseminating CCS in this country. Reservoir types to be demonstrated are depleted oil and gas reservoir, 
saline aquifer with closure, Neogene saline aquifer without closure and Palaeogene saline aquifer without 
closure (Table 1). Though there are many sorts of CO2 sources with suitable capture methods, 
transportation methods and injection sites with several types of reservoirs, it is not practical to conduct 
many combinations. Because many demonstration projects are planned in many countries, it is possible to 
compensate lacks of combinations with knowledge shared from demonstrations in other countries. 
 
 
Table 1. Reservoir Type and Candidate Site 
 
Fault assessment is also important to select candidate sites for CCS demonstrations especially in Japan 
because it is located along the active boundaries of the Pacific Plate, the Philippine Sea Plate, the North 
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American Plate, and the Eurasian Plate. Using existing geological data, presence of fault is checked in and 
around candidate sites. If a fault is present, whether the fault is active or not is assessed. Based on the
existing data, some faults were found in deeper geological formations in these three candidate sites but 
none of them are active.
Before selecting three candidate sites, conceptual designs were also carried out for capture at nearby 
CO2 sources, transport and injection of CO2, in order to evaluate feasibility of favorable combinations. 
CO2 sources studied were coal power plants including IGCC, petroleum refineries, chemical plants,
natural gas processing plants, paper mills and cement kilns.
Three candidate sites were selected for further investigation: the Nakoso-Iwaki Oki which has Neogene
depleted gas reservoirs, the Kitakyushu which has a Palaeogene aquifer without closure and the
Tomakomai which has Neogene saline aquifers with closure and without closure.
In order to make a final decision for implementing a demonstration, a detail site characterization is
required based on [3], which was 
released by METI in 2009. The guideline requires to assess for CO2 storage from geological aspects: what 
kind of geological models to be constructed, what kind of data required to construct these models, how 
and what kind of data required to evaluate qualities of reservoir and caprock, how to collect these data,
and how to evaluate faults if any. Also the guideline requires to make a basic plan for a demonstration, 
such as transport standard, safety consideration for placing CCS-related facilities, environment impact 
assessment, safety consideration for the drilling, completion and P&A for CO2 injection and storage wells,
safety considerations for CO2 injection and operation, concentration standard of CO2 to be injected,
monitoring, and measures to be taken when abnormalities occur.
3. Investigations
3.1. Nakoso-Iwaki Oki Candidate Site
The Nakoso-Iwaki Oki candidate site is located in Fukushima Prefecture, northeastern Japan. CO2 is
assumed to be captured at an existing air-blown type IGCC demonstration plant, transported through
offshore pipeline of 80 km distance and stored in depleted gas reservoirs through a subsea completion 
facility at a water depth of 150 m [4] (Fig. 3).
Fig. 3. Overview of Nakoso-Iwaki Oki Candidate Site
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The 250 MW IGCC demonstration plant was constructed in 2007 to verify reliability as well as 
operability, durability, and cost-effectiveness of an air-blown and dry-feed type gasifier [5]. A pre-
combustion capture process was assumed to be installed after CO-shift process to be modified as CO2 
source for a CCS total system demonstration project. Chemical absorption process was selected by the 
detailed comparison with a physical absorption process. Based on the feasibility study, the capacity of 
capture facility was determined as 100,000 tonnes CO2 per year because that capacity will be sufficient to 
scale-up the system to one million tonnes per year. 
A new pipeline of 8 inch diameter and 80 km length is assumed to be laid between compression facility 
and sub-sea completion facility. The maximum pipeline pressure is limited to be 7 MPa in Japan which is 
slightly lower than the critical pressure of CO2. In the CO2 stream from the capture facility contains small 
amount of impurities, such as hydrogen, nitrogen and methane. Because these impurities affect the phase 
envelope, flow assurance in the pipeline was checked in consideration of impurities including hydrate 
formation. The results show that two phase flow will develop in the pipeline but because of relatively low 
rate of CO2 stream, hammering effect will not be a major problem. In 2009, an offshore pipeline route was 
surveyed along an assumed pipeline route. Based on bathymetrical, geological and geo-mechanical data 
acquired, it is concluded that offshore pipeline can be laid without any technical difficulty. 
The Iwaki Oki gas field located 40 km offshore, was operated between 1984 and 2007, produced 5.6 
billion m3 of natural gas [6]. Reservoirs are Miocene turbidite sandstone layers between 2,000 m and 
2,600 m below sea level in a faulted domal anticline. These reservoirs have porosity of 25  30 %, 
permeability of about 50 md and current reservoir pressure of about 5 MPa. Using an existing detail 
reservoir model, distribution of injected CO2 was simulated. The results confirmed that injection rate of 
one million tonnes of CO2 per year is practicable and that the reservoir has the storage potential of about 
20 million tonnes of CO2.  
In order to inject CO2 into these low pressure reservoirs, Joule-Thomson effect is also studied from the 
well head to the bottom hole of the injection well. Special care must be taken to inject CO2 into the 
depleted low pressure reservoirs. 
A risk of CO2 seepage through gas production wells which had been already plagued and abandoned 
was qualitatively and quantitatively assessed, and was confirmed to be very small. 
After the Great East Japan Earthquake on March 11th, 2011, further investigation for this site was 
discontinued because the restoration and revival of daily lives in this area should be given first priority. 
3.2.  Kitakyushu Candidate Site 
The Kitakyushu candidate site is located in a coal bearing sedimentary basin in Fukuoka Prefecture in 
the northern part of the Kyushu Island, western Japan. Because there are only limited surface and shallow 
geological data available for site evaluation, geological data should be accumulated step by step from the 
very early stage of the evaluation. 
An existing gravity anomaly data showed the sedimentary basin extends from the onshore south to the 
offshore north. Size of the basin is about 12 km in the east-west direction and 22 km in the north-south 
direction. The maximum depth of the basin is estimated to be about 2,600 m at 5 km offshore. 
In JFY 2010 a preliminary survey well was drilled to 1,180m at coast (Fig. 4) to confirm geology 
from the surface to a basement rock and to evaluate characteristics of reservoir and caprock at the 
southwestern part of the sedimentary basin. The Palaeogene section consists of conglomerate, sandstone 
and mudstone and overlies the basement rock of the Cretaceous granodiorite at 1,172 m. Depositional 
environment of these sedimentary rocks are thought to be a non-marine river system. 
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Whole core was cut from 303 m to 1,180 m TD. Sandstone and conglomerate are expected to be 
reservoir below the mudstone, or caprock, between 772 m and 820 m. Core analyses of sandstone showed 
the maximum 18 % of porosity and the maximum 100 md of permeability. The caprock shows very low 
permeability and no break-through observed during a threshold pressure analysis and is evaluated to have 
very good sealing capacity. The sandstone reservoir is evaluated to be fair quality as expected. 
Additional gravity data were collected at 75 points in JFY 2011. The revised gravity analysis shows 
that the type of the basin is considered to be a half graben, i.e. a basin bounding fault may be present at 
the eastern edge of the basin. Since a revised gravity map delineates the shape of the basin much clearer 
than before, gravity survey is judged to be useful to decide the survey well location and specifications. 
In JFY 2012, a preliminary 2D seismic survey is planned in the east-west direction to delineate the 
position of the basin bounding fault. 
 
Fig. 4. Location of Kitakyushu Candidate Site 
3.3.  Tomakomai Candidate Site 
 The Tomakomai Candidate site is in Hokkaido Prefecture, northern Japan. CO2 is assumed to be 
captured at an existing hydrogen production unit in petroleum refinery and stored into saline aquifers 
subsea bed through inclined injection wells to be drilled at the coast [7]. Planned amount of CO2 is 
100,000 tonnes or more per year and actual amount is subject to the operating load and conditions of the 
refinery. Because of petroleum exploration activities around the candidate site, there are some geological 
and geophysical data which can be used for the first stage of the site evaluation. Therefore the minimum 
surveys were additionally required for a detail site characterization. 
3D seismic data were collected over 5.9 km x 7.6 km area in 2009 and 2010 by shallow marine seismic 
surveys. By drilling of two survey wells in JFY 2010 and 2011, geology was confirmed as expected and 
wireline geophysical data and core samples were collected. The candidate site was evaluated with all 
6332   Masanori Abe et al. /  Energy Procedia  37 ( 2013 )  6326– 6334 
available geological and geophysical data and it was concluded that two reservoirs with caprocks are 
suitable for CCS demonstration. 
4. Geological Evaluation and Basic Plan at the Tomakomai area 
4.1. Geological Evaluation of Tomakomai Area 
The geological evaluation was carried out following the guideline, For safe operation of a CCS 
demonstration project  [3]. Various geological and geophysical data were collected from the two survey 
wells, e.g. stratigraphy, lithology, wireline logs, core analyses, leak-off pressures, VSP and water injection 
test. Based on 3D seismic interpretation, geological models for reservoir simulation were constructed for 
each reservoir and required parameters were prepared for simulating CO2 behavior during and after 
injection. 
Because the Miocene Takinoue Formation, one of the reservoirs, consists of volcaniclastic rocks and 
has heterogeneous reservoir quality, in order to input appropriate reservoir parameters into each cells, 
geostatistical modeling was adopted using analytical results of 3D seismic attributes [8]. On the other 
hand, the Quaternary Moebetsu Formation, the other reservoir, consists of sedimentary rocks deposited in 
shallow marine, fan-delta environment and conventional layer-cake method was used for constructing a 
geological model and appropriate reservoir parameters were input into each cell using analytical results of 
3D seismic attributes [9]. 
250,000 tonnes per year of CO2 was assumed to be injected into two reservoirs independently for 3 
years. CO2 distribution, incremental pressure, and its spatial distribution were simulated for 3 years during 
injection and for 1,000 years after the start of injection, i.e. 997 years after the end of injection. For the 
Takinoue Formation, 50 cases were simulated for 3 years injection period to choose typical 3 cases for 
further simulation for 1,000 years. For the Moebetsu Formation, parameter sensitivity tests were carried 
out for 3 cases. Based on these results, it is found that 250,000 tonnes per year of CO2 can be injected into 
reservoirs for 3 years in almost all cases except a low permeability case for the Moebetsu Formation in 
which only 4.5x105 tonnes of CO2 can be injected because the bottom hole pressure reached a limit of a 
maximum injection pressure. 
4.2. Basic Plan of CCS Demonstration Project at Tomakomai Area 
In parallel with the geological evaluation described above, a basic designing were completed for 
facilities from capture to injection. At the capture facility, gaseous CO2 of 99 % purity is captured by 
amine process at the rate of 100,000 tonnes per year or more from the off gas of the hydrogen production 
unit [7]. An activated amine process with a low pressure flash drum was selected to lower the energy 
consumption for regeneration of amine solution. Capture and compression facilities are assumed to be 
constructed at a site beside the petroleum refinery. Two inclined injection wells are also assumed to be 
drilled at a neighboring site. 
Various monitoring methods will be employed [7]. Temperature and pressure of the reservoirs will be 
monitored in the injection and observation wells. Time-lapse 2D and 3D seismic survey together with 
ocean bottom cable seismic sensors (OBC) will be used to delineate distribution of injected CO2. OBC, 
ocean bottom seismometers (OBS) and down-hole seismometers in land observation wells will be used for 
monitoring of induced seismicity and natural earthquakes. 
A set of marine environmental monitoring is also assumed to be carried out according to the Act on 
Preventing of Marine Pollution and Maritime Disasters. 
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During the engineering, procurement and construction (EPC) period from JFY 2012 to 2015, all of the 
necessary facilities will be prepared: CO2 capture and injection facilities will be constructed, two injection 
wells and two observation wells will be drilled, and an onshore seismometer, an OBC and four OBSs will 
be installed. The baseline data of all the monitoring items will also be acquired in this period. The 
monitoring is planned to be continued to JFY 2020. CO2 capture and injection are scheduled from JFY 
2016 to 2018. The detailed operation and monitoring schedule after JFY 2016 is to be determined during 
the EPC period. 
5. Public Outreach for the Tomakomai Project 
Tomakomai City has a population of about 174,000 and is one of major industrial cities in the 
Hokkaido Island. The storage points are located 2 to 4 km offshore and its distance from the city center is 
about 5 km. 
In addition to the geological evaluation of the candidate site, public outreach is of vital importance in 
CCS demonstrations. At the Tomakomai candidate site, efforts for public outreach were started to the 
local stakeholders before the first 3D survey in JFY 2009. Repeated explanations were also made 
especially prior to each field survey. 
Since JFY 2011 was at the final stage of the site evaluation, a wide range of public outreach program 
was performed throughout the year: a CCS forum, CCS panel exhibitions held more than 20 times in the 
area, and presentations at was provided as 
to the objectives, mechanisms, safety, and other key aspects of CCS. 
6. Summary 
After successful completion of the Nagaoka Project in 2007, METI started the CCS Demonstration 
Project in Japan in 2008 for selecting sites for further geological evaluations and necessary engineering 
works. Three candidate sites were selected, i.e. the Nakoso-Iwaki Oki, the Kitakyushu and the 
Tomakomai. 
At the Nakoso-Iwaki Oki area, CO2 is to be captured from IGCC demonstration plant, transported 
through offshore pipeline and stored in the depleted gas reservoirs. Basic design for these facilities and 
pipeline route survey were carried out. Additional investigations were discontinued because of the Great 
East Japan Earthquake. 
At the Kitakyushu area, one preliminary survey well was drilled. Additional gravity data were also 
obtained. A preliminary 2D seismic survey is planned in JFY 2012 for further detail geological evaluation. 
At the Tomakomai area, a geological evaluation report was completed using data of 3D seismic survey 
and two survey wells. Based on this report and a basic plan for CCS demonstration, METI decided to 
implement a CCS demonstration project in the Tomakomai City which was started in JFY 2012. 
Recognizing that public outreach is of vital importance in CCS demonstrations, various earnest efforts 
were made to the local stakeholders and will be continued through the demonstration project. 
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